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Method and device for storing and reproducing a radiation image 



(57) A radiation image storage device (10) com- 
posed of a fluorescent sheet which contains a phosphor 
which absorbs a radiation energy and emits a light of 
ultraviolet or visible region, and a radiation image stor- 
age panel (10a) having a fluorescent layer (12a) and a 
radiation image storage layer (13), in which the fluores- 
cent layer contains a phosphor that absorbs a radiation 



energy and emits a light of ultraviolet or visible region, 
and the radiation image storage layer contains a phos- 
phor that absorbs the light emitted by the phosphors of 
the fluorescent layer and the fluorescent sheet to store 
energy of the absorbed light and releases the stored en- 
ergy in the fomri of a light upon irradiation with a light of 
visible or infrared region is favorably employed for a ra- 
diation image storing and reproducing method. 



FIG. 1 



Csl 
< 
CM 

o> 

CM 

CO 




Ill 



Pnnted by Jouvc. 7S001 PARIS (FR) 



, EP1 113 292 A2 



Descripti n 



FIELD OF THE INVENTION 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



[0001] The present invention relates to a method for storing and reproducing a radiation Imaqe utiiizina a radiation 

.mage storage sheet and a radiation image storage device having a radiation imagestorage llyer fLo S^^^ 

for the radiation image storing andjeproducing method. 'avoraoiy empioyaoie 

BACKGROUND OF THE INVENTION 

^^^aii^^L^r'T '^"'^'''"^ ^ conventional radiography, a radiation image storing and reproducing method utilizinq 

«mSf J rLT ^'"P"'"'' ""'^ ^ P'^"*'"""^ "^^^ storing and reproducing method 

employs a radiation image storage panel (i.e.. stimulable phosphor sheet) comprising a stimulable oSTr and 

through an object or having radiated from an object: sequentially exciting the stimulable phosphor with an riSromaa 

"9'^'^'^"'°" stimulated emission); photoelectncally detecting the emitted light to obtain elec ric 
signals, and reproducing the radiation image of the object as a visible image from the electric signals ThL panel th us 

^oHnn "T ^^'T '° ' '''' '^^^'"^ " ^"^^9^ ^^'"^-'"S ^"'^ tf'-n stored t' the nexM^^^^^^^ 

r0003? n thrmirc' P'^f^^^^ .^'^^^' ^^^-t-" -^ge storage panel can be repeatedly employed ' 
to^J?oh 1 ft H 'l? °" ""^^^ obtainable with a sufficient amount of Information by applying a radiation 

o the object a a considerably smaller dose, as compared with a conventional radiography using a combinain o^a 
radiographic film and radiographic intensifying screen. ^ comoination of a 

[0004] The radiation image storage panel has a basic structure comprising a support and a stimulable ohosohor 
ayer provided thereon. But, if the phosphor layer is self-supporting, the support may be omitted. On e ree surface 
(surface not facing the support) of the phosphor layer, a transparent protective film is generallyXd to keep the 
phosphor layer from chemical deterioration or physical damage 

m!f.L J? '^y^'' ^^"^^^"y comprises a binder and stimulable phosphor particles dispersed therein but it 

may consist of agglomerated phosphor without binder. The phosphor layer contain^g no binder can be fZed bv 
also T^"" ^'""9 process. Further, the layer comprising agglomerated phosphor soaked w^h a Syr^er is 
also known In any types of phosphor layers, the stimulable phosphor releases a stimulated emission when excited 
wrth a stimulating light after having been exposed to a radiation such as X-rays. Accordingly thrSSion in the Jo™ 
o an image having passed through an object or radiated from an object is absorbed by ?he phSriayi^ o f t™ 

nanTnrf ^'^T" '° "^^"'^ ^'^'^''^^ ^"'^ ^ '"^^9^ °f the Object s produced in the toraje 

panel in he fomi of a latent radiation energy-stored image. The latent radiatfon energy-itored image can be reteased 
as stimulated emission by sequentially irradiating the panel with stimulating light. The stimulated er^ission is 

0006] Even ,n the radiation image stonng and reproducing method described above, it is naturally desSd that a 
rad ation image ,s reproduced with a high sensitivity and with good quality (such as a hiqh sharDnesrand « nnoH 

E:i:tp~e ii^s!::'^ r %"'r '"^ pho'sphorihicj L :fiZ:n:x:zT.zi iiz 

TghUs appTed ^ ^ "'^^ "'"^"'^'^'^ ^"'^^^'^ P°s=''"« «hen a stimulating 

Sho^hlT ^ ^^''T r""""' °' ^"'""'^'^'e phosphors are proposed and some of the proposed stimulable 
phosphors have been practically employed. The conventional radiation image stonng and reproducina methorui tpJ 

stimu atTJ" ^ T"''"" ' ^^---'«ed from the o'C a d rJn relieves a 

efSnit r'T" T" ^ '"^""""^ "^'^ ^PP"^'^- t° P^°^"^^ 0^ d'^cove a phosphor which can 

emciently absorb a radiation energy which is applied to the phosphor and then releases a deseed high s^SateS 
emission as quickly as possible when a stimulating light is applied ^ stimulated 

flT^ instance, a rare earth metal activated alkaline earth metal fluorohalide phosphor is well known as a stim 
TZToolZT t "''''!i' '"''''"'y- ■ ^'-roh^lide^hosph^ i^noTsat sfaSr^ 

ho .timnC.!^ ^ ^"^ ^ ^"^""^y ^ «PP"^ '° tl^^ P^'^^Phor. Moreover, it does not retease 

tho stimulated omission within a desirably short second after it receives the stimulating light. This Indicates tStho 
response time of the fluorohalide phosphor is not satisfactorily short ■ nis inaicatos mat the 

muiHnl J'^^P™";^'" unsatisfactory response time can be solved by the use of a sensor system comprisinq a 

r^z:^::::^:::::^::::^ - ^ - - - — a^oto. absent Jot 

[0010] Japanese Patent Provisional Publication No. 55-12142 discloses stimiilflhiA7n . ^ . 
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are still unsatisfactory, as long as the efficiency in absorbing an applied radiation energy is concerned. 
[0011] Japanese Patent Publication No. 6-31904 describes a radiation image storage panel comprising a stimulable 
phosphor which absorbs a radiation energy of X-rays and further absorbs a ultraviolet light in the wavelength region 
of 250 nm to 400 nm and a phosphor which absorbs a radiation having a wavelength of shorter than 250 nm and emits 
5 a ultraviolet light in the wavelength region of 250 to 400 nm. Both phosphors are incorporated into one layer or incor- 
porated separately into two phosphor layers. The ultraviolet light-absorbing phosphor serves as an aid to supply the 
stimulable phosphor with aj^adiation energy by converting the radiation energy into a ultraviolet light which can be 
absorbed by the stimulable phosphor. 

10 SUMMARY OF THE INVENTION 

[001 2] The present invention has an object to provide a new radiation image storing and reproducing method showing 
a high detection quantum efficiency. 

[0013] Specifically, the invention has an object to provide a radiation image storing and reproducing method which 
15 gives a reproduced radiation image of a high quality at a relatively low radiation dose applied to the object such as a 
human being. 

[0014] Further the invention has an object to provide a radiation image storage device which gives a reproduced 
radiation image of a high quality at a relatively low radiation dose. 

[0015] As a result of a series of studies on deleclion quantum efficiency (DQE) in the radiation image storing and 
20 reproducing method, the inventor has had an idea to employ two or more kinds of phosphors, one of which efficiently 

absorbs a radiation such as X-rays applied to the phosphor and releases a spontaneous light emission, and another 

or other of which efficiently absorbs the light emission and stores the light emission as a radiation energy which can 

be released in the form of a light when it is exposed to a stimulating light. 
' • [0016] The inventor has further studied the above-described idea and attained to the present invention which has a 
25 variety of working systems and embodiments. 

[0017] From one aspect, the present invention resides in a method (I) for storing and reproducing a radiation image 

which comprises the steps of: 

placing a fluorescent sheet on a radiation image storage panel comprising a fluorescent layer and a radiation 
30 image storage layer in such manner that the fluorescent sheet is arranged adjacent to the image storage layer of 

the storage panel, so as to give a composite structure, the fluorescent sheet containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, the fluorescent layer of the storage panel con- 
taining a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, and the 
radiation image storage layer of the storage panel containing a phosphor which absorbs the light emitted by the 
35 phosphors of the fluorescent layer and the fluorescent sheet to store therein energy of the absorbed light and 

releases the stored energy in the form of a light upon irradiation with a light of visible or infrared region; 
applying onto the composite structure on the side of the fluorescent sheet or the radiation Image storage panel a 
radiation having penetrated through an object, a radiation having been emitted by an object, or a radiation having 
been scattered or diffracted by an object, so as to store energy of the applied radiation in the form of a latent image 
40 on the image storage layer of the storage panel; 

separating the radiation image storage pane! from the fluorescent sheet; 

irradiating the image storage panel on the side of image storage layer with stimulating light in a visible or infrared 
region to excite the phosphor in the storage layer so that the energy stored in the storage layer in the fonn of a 
latent image is released in the form of a light; 
45 collecting the light released from the storage layer by light-collecting means; 

converting the collected light into a series of electric signals; and 
producing an image corresponding to the latent image from the electric signals. 

[0018] From another aspect, the invention resides in a method (II) for storing and reproducing a radiation image 
so which comprises the steps of: 

placing a radiation image storage panel between two fluorescent sheets so as to give a composite structure, each 
of the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet 
or visible region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by 
55 the phosphors of the fluorescent sheets to store therein energy of the absorbed light and releases the stored 

energy in the form of a light upon irradiation with a light of visible or infrared region; 

applying onto the composite structure on one side a radiation having penetrated through an object, a radiation 
having been emitted by an object, or a radiation having been scattered or diffracted by an object, so as to store 
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energy of the applied radiation In the form of a latent image on the image storage panel; 
separating the radiation Image storage panel from the fluorescent sheets; 

irradiating the image storage panel with stimulating light in a visible or infrared region to excite the phosphor in the 
storage panel so that the energy stored in the storage panel in the form of a latent image is released in the form 
of a light; 

collecting the light released from the storage panel by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

[0019] From a further aspect, the invention resides in a method (III) for storing and reproducing a radiation image 
which comprises the steps of: 

placing a radiation image storage panel on a fluorescent sheet so as to give a composite structure, the fluorescent 
sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region , and 
the radiation image storage panel containing a phosphor which absorbs the light emitted by the phosphor of the 
fluorescent sheet to store therein energy of the absorbed light and releases the stored energy In the form of a light 
upon in-adiatlon with a light of visible or Infrared region; 

applying onto the composite stojcture on one side a radiation having penetrated through an object, a radiation 
having been emitted by an object, or a radiation having been scattered or diffracted by an object, so as to' store 
energy of the applied radiation in the form of a latent Image on the Image storage panel; 
separating the radiation image storage panel from the fluorescent sheet; 

irradiating the image storage panel with stimulating light in a visible or infrared region to excite the phosphor in the 
storage panel so that the energy stored in the storage panel in the form of a latent image is released in the form 
of a light; 

collecting the light released from the storage panel by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an Image corresponding to the latent image from the electric signals. 

[0020] From a still further aspect, the Invention resides in a method (IV) forstoring and reproducing a radiation image 
which comprises the steps of: 

providing a radiation image storage panel comprising a fluorescent layer and a radiation image storage layer, the 
fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
region, and the radiation Image storage layer containing a phosphor which absorbs the light emitted by the phosphor 
of the fluorescent layer to store therein energy of the absorbed light and releases the stored energy In the iom of 
a light upon irradiation with a light of visible or infrared region; 

applying onto the storage panel a radiation having penetrated through an object, a radiation having been emitted 
by an object, or a radiation having been scattered or diffracted by an object, so as to store energy of the applied 
radiation in the form of a latent image on the image storage layer of the storage panel; 

irradiating the Image storage panel on the side of Image storage layer with stimulating light in a visible or infrared 
region to excite the phosphor in the storage layer so that the energy stored in the storage layer In the form of a 
latent image is released in the form of a light; 

collecting the light released from the storage layer by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

[0021 ] From a still further aspect, the invention resides in a method (V) for storing and reproducing a radiation image 
which comprises the steps of: 

providing a plurality of cassettes each of which has therein a fluorescent sheet on a front side thereof, fluorescent 
sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region and 
having a thickness differing from each other; 
selecting one of the cassettes; 

placing a radiation image storage panel in the selected cassette on a back side thereof, the radiation Image storage 
panel containing a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer to store 
therein energy of the absorbed light and releases the stored energy in the fomi of a light upon irradiation with a 
light of visible or infrared region; 

applying onto the front side of the cassette a radiation having penetrated through an object, a radiation having 
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been emitted by an object, or a radiation having been scattered or diffracted by an object, so as to store energy 
of the applied radiation In the form of a latent image on the Image storage panel; 
taking the image storage panel out of the cassette; 

Irradiating the image storage panel on the side with stimulating light In a visible or infrared region to excite the 
phosphor in the image storage panel so that the energy stored In the image storage panel in the form of a latent 
image is released in the form of a light; 

collecting the light released from the image storage panel by light-collecting means; 

converting the collected light Into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

[0022] From a still further aspect, the invention resides in an apparatus forstoring and reproducing a radiation image 
utilizing a fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or 
visible region, and a radiation image storage panel containing a phosphor which absorbs the light emitted by the phos- 
phor of the fluorescent layer to store therein energy of the absorbed light and releases the stored energy in the form 
of a light upon irradiation with a light of visible or infrared region, which comprises: 

a housing having on outer surface thereof a plate with which an object is kept In contact; 
the radiation image storage panel fixed within the housing in a position facing the plate; 

Ihe riuorescenl sheet which is provided in the housing in a position facing the fixed image storage panel under 
such condition that the fluorescent sheet Is able to move forward and backward in relation to the image storage " 
sheet; and 

a light-detecting means which Is placed in the vicinity of the image storage panel and which is able to move Into 
a space formed when the fluorescent sheet moves backward. 

[0023] In the invention, the radiation employable for the radiation image reproduction means X-rays, a-rays, p-rays, 
y-rays, ultraviolet rays, neutron-rays, and their analogue rays. The ultraviolet to visible wavelength region means a 
wavelength range of 200 nm to 600 nm, while the visible to infrared wavelength region means a wavelength range of 
500 nm to 1 ,600 nm. 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] Fig. 1 illustrates a structure of one representative example of a radiation image storage device according to 
the invention. 

[0025] Fig. 2 illustrates a structure of another representative example of a radiation image storage device according 
to the invention. 

[0026] Fig. 3 illustrates a stmcture of a further representative example of a radiation image storage device according 
to the invention. 

[0027] Fig. 4 illustrates a structure of a still further representative example of a radiation image storage device ac- 
cording to the invention. 

[0028] Fig. 5 illustrates a structure of a still further representative example of a radiation image storage device ac- 
cording to the invention. 

[0029] Fig. 6 schematically illustrates one representative radiation image reproducing system. 
[0030] Fig. 7 illustrates a structure of a still further representative example of a radiation image storage device ac- 
cording to the invention. 

[0031] Fig. 8 is a graph showing a mass energy absorption coefficient (tier/p) oi Gd202S in the X-ray region. 
[0032] Fig. 9 is a graph showing a mass energy absorption coefficient (M-er/P) Csl in the X-ray region. 
[0033] Fig. 1 0 illustrates a structure of a still further representative example of a radialion image storage device 
according to the invention. 

[0034] Fig. 11 illustrates a multi-layered filter employable for the radiation image storage device of the invention. 
[0035] Fig. 12 is a graph indicating the light transmission property of the multi-layered filter 

[0036] Fig. 13 is a graph indicating a relationship between an incident angle and a transmittance in the specific 
wavelengths. 

[0037] Fig. 14 illustrates a structure of a still further representative example of a radiation image storage device 

according to the invention. 

[0038] Fig. 15 indicated a preferable area in the relationship of a diffuse reflecting layer between a layer thickness 
and a diffuse reflectivity. 

[0039] Fig. 16 illustrates an example of a cassette for encasing a radiation image storage device of the invention. 
[0040] Fig. 17 schematically indicates a radiation image reproducing apparatus employable for the invention. 
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[0041 ] Fig. 1 8 illustrates another example of a cassette for encasing a radiation image storage device of the invention 
[0042] Ftg. 19 schematically indicates a radiation image storing and reproducing apparatus favorably employable 
for the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] Preferred embodiments of the invention are described below: 

(1 ) The method (I) in which each of the fluorescent sheet and the radiation image storage panel is equipped with 
means containing infomiation on the sheet or the storage panel, and the information is read out after the latent 
image is stored in the storage layer of the storage panel. 

(2) A radiation image storage device comprising a fluorescent sheet which contains a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region, and a radiation image storage panel comprising 
a fluorescent layer and a radiation image storage layer, the fluorescent layer of the storage panel containing a 
phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, and the radiation image 
storage layer of the storage panel containing a phosphor which absorbs the light emined by the phosphors of the 
fluorescent layer and the fluorescent sheet to store therein energy of the absorbed light and releases the stored 
energy in the form of a light upon in-adiation with a light of visible or Infrared region. 

(3) The device of (2) above in which the radiation image storage layer of the radiation Image storage panef has a 
thickness less than that of the fluorescent layer 

(4) The device of (2) above, in which the radiation image storage layer of the radiation image storage panel has 
a thickness in the range of 0.2% to 20%. based on the total thickness of the fluorescent sheet and the fluorescent 
layer of the storage panel. 

(5) The device of (2) above, in which at least one layer of the radiation imago storage panel is colored with a dye 
which absorbs at least one of the stimulating rays, a light released from the radiation image storage layer, a light 
released from the fluorescent layer, and a light released from the fluorescent sheet. 

(6) The device of (2) above, in which the fluorescent sheet has on a surface thereof a protective layer and the 
radiation image storage panel has on a surface thereof a protective layer, the former protective layer showing a 
row of electrification con-esponding to that of the latter protective layer 

(7) The device of (2) above, in which a selective reflecting layer allowing passage of the light released by the 
phosphor in the fluorescent layer while reflecting the stimulating light and the light released by the image storage 
layer is provided in the radiation image storage panel between the fluorescent layer and the radiation image storage 

(8) The device of (2) above, in which the phosphors in the fluorescent sheet and the radiation image storage layer 
and fluorescent layer of the radiation image storage panel are all in the form of particles, the phosphor in the 
storage layer having a mean diameter equal to or less than that of at least one of the phosphor in the fluorescent 
sheet and the fluorescent layer 

(9) The device of (2) above, in which the radiation image storage layer shows an absorption coefficient for the light 
released from the phosphors in the fluorescent layer and the fluorescent sheet as much as twice or more those of 
the fluorescent layer and fluorescent sheet for the irradiated radiation. 

(10) The device of (2) above, in which at least one of the fluorescent sheet and the fluorescent layer comprises 
acicular phosphor particles arranged vertically or comprises partitions defining the layer on a plane thereof and 
phosphor-containing areas enclosed with the partitions. 

(11) The device of (2) above, in which each of the fluorescent sheet and the radiation image storage panel is 
equipped with means containing infomiation on the sheet or the storage panel. 

(12) The device of (2) above, In which at least one of the phosphors contained in the fluorescent sheet and fluo- 
rescent layer has a density of 6.0 g/cm3 or more, or at least one of the fluorescent sheet and fluorescent layer has 
a density of 4.0 g/cm^ or more. 

(1 3) The device of (2) above, in which the light released from the phosphor contained in the radiation image storage 
layer shows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of the light 
released from the phosphors contained in the fluorescent sheet and fluorescent layer at 70% or more. 

(14) The device of (2) above. In which each of the phosphor in the fluorescent sheet and the phosphor in the 
fluorescent layer has an atomic element of the atomic number 37 or larger provided that the atomic element 
contained in the phosphor of the fluorescent sheet differs from that contained in the phosphor of the fluorescent 
layer 

(15) The device of (2) above, in which each of at least one of the fluorescent sheet and the fluorescent layer and 
the radiation image storage layer comprises phosphor particles and a binder provided that each of a ratio of the 
binder to the phosphor in the fluorescent sheet or the fluorescent layer and a ratio of the binder to the phosphor 
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in the storage layer is 1 or more, and the fomner ratio is equal to or larger than the latter ratio. 

(16) The device of (2) above, in which the radiation image storage panel or the fluorescent sheet has a light- 
reflecting support or a composite of a support and a diffuse-reflecting layer. 

(17) A radiation image storage device comprising a fluorescent sheet which contains a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region placed on a radiation image storage panel com- 
prising a fluorescent layer and a radiation image storage layer in such manner that the fluorescent layer is arranged 
adjacent to the fluorescent layer, the fluorescent layer of the storage panel containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage layer of the 
storage panel contain ing a phosphor which absorbs the light emitted by the phosphors of the fluorescent layer and 
the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy in the fomn of a 
light upon irradiation with a light of visible or infrared region. 

(18) The method (11), in which each of the fluorescent sheet and radiation image storage panel is equipped with 
means containing information on the sheet or the storage panel, and the information is read out after the latent 
image is stored in the storage panel. 

(19) A radiation image storage device comprising a radiation image storage panel and two fluorescent sheets, 
each of the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of ultra- 
violet or visible region, and the radiation image storage panel containing a phosphor which absorbs the light emitted 
by the phosphors of the fluorescent sheets to store therein energy of the absorbed light and releases the stored 
energy in the form of a light upon irradiation with a light of visible or infrared region. ^ 

(20) The device of (19) above, in which the radiation image storage panel has a thickness less than that of each 
of the fluorescent sheets. 

(21) The device of (19) above, in which the radiation image storage panel has a thickness in the range of 0.2% to 
20%, based on the total thickness of both of the fluorescent sheets. 

(22) The device of (19) above, in which at least a portion of the radiation image storage panel is colored with a 
dye which absorbs at least one of the stimulating rays, a light released from the radiation image storage layer, and 
a light released from each of the fluorescent sheets. 

(23) The device of (19) above, in which at least one the fluorescent sheet has on a surface thereof a protective 
layer and the radiation image storage panel has on a surface thereof a protective layer, the former protective layer 
showing a row of electrification corresponding to that of the latter protective layer. 

(24) The device of (19) above, in which the phosphors in the fluorescent sheets and the radiation image storage 
panel are all in the form of particles, the phosphor in the storage panel having a mean diameter equal to or less 
than that of at least one of the phosphors in the fluorescent sheets. 

(25) The device of (19) above, in which the radiation image storage panel shows an absorption coefficient for the 
light released from the phosphors in the fluorescent sheets as much as twice or more those of the fluorescent 
sheets for the irradiated radiation. 

(26) The device of (1 9) above, in which at least one of the fluorescent sheets comprises aclcular phosphor particles 
arranged vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas 
enclosed with the partitions. 

(27) The device of (19) above, in which each of the two fluorescent sheets and the radiation image storage panel 
is equipped with means containing information on the sheet or the storage panel. 

(28) The device of (19) above, in which at least one of the phosphors contained in the fluorescent sheets has a 
density of 6.0 g/cm^ or more, or at least one of the fluorescent sheets has a density of 4.0 g/cm^ or more. 

(29) The device of (19) above, In which the light released from the phosphor contained in the radiation image 
storage panel shows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of 
the light released from the phosphors contained in the fluorescent sheets at 70% or more. 

(30) The device of (1 9) above, in which each of the phosphors in the fluorescent sheets has an atomic element of 
the atomic number 37 or larger, provided that the atomic element contained in the phosphor of one fluorescent 
sheet differs from that contained in the phosphor of another fluorescent sheet. 

(31) The device of (19) above, in which each of at least one fluorescent sheet and the radiation image storage 
panel comprises phosphor particles and a binder, provided that each of a ratio of the binder to the phosphor in at 
least one fluorescent sheet and a ratio of the binder to the phosphor in the storage panel is 1 or more, and the 
former ratio is equal to or larger than the latter ratio. 

(32) The device of (1 9) above, in which the radiation image storage panel or one fluorescent sheet has a light- 
reflecting support or a composite of a support and a diffuse-reflecting layer. 

(33) A radiation image storage device comprising two fluorescent sheets and a radiation image storage panel 
intervening between the fluorescent sheets, each of the fluorescent sheets containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage panel containing 
a phosphor which absorbs the light emitted by the phosphors of the fluorescent sheets to store therein energy of 
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the absorbed light and releases the stored energy in the form of a light upon irradiation with a light of visible or 
infrared region. 

(34) The method (III), in which each of the fluorescent sheet and radiation image storage panel is equipped with 
means containing information on the sheet or the storage panel and the infomnation is read out after the latent 
image is stored in the storage panel. 

(35) A radiation image storage device comprising a radiation image storage panel and a fluorescent sheet, the 
fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by the phos- 
phor of the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy in the 
form of a light upon Irradiation with a light of visible or infrared region. 

(36) The device of (35) above, In which the radiation image storage panel has a thickness less than that of the 

fluorescent sheet. 

(37) The device of (35) above, in which the radiation image storage panel has a thickness in the range of 0.2% to 
20%, based on that of the fluorescent sheets. 

(38) The device of (35) above, in which at least a portion of the radiation image storage panel is colored with a 
dye which absorbs at least one of the stimulating rays, a light released from the radiation image storage layer and 
a light released from the fluorescent sheet. 

(39) The device of (35) above, in which the fluorescent sheet has on a surface thereof a protective layer and the 
radiation image storage panel has on a surface thereof a protective layer, the former protective layer shoeing a 
row of electrification corresponding to that of the latter protective layer 

(40) The device of (35) above, in which the phosphors in the fluorescent sheet and the radiation image storage 
panel are all in the form of particles, the phosphor in the storage panel having a mean diameter equal to or less 
than that of the phosphor in the fluorescent sheet. 

(41) The device of (35) above, in which the radiation image storage panel shows an absorption coefficient for the 
light released from the phosphor in the fluorescent sheet as much as twice or more that of the fluorescent sheet 
for the irradiated radiation. 

(42) The device of (35) above, in which the fluorescent sheets comprises acicular phosphor particles arranged 
vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed 
with the partitions. 

(43) The device of (35) above, in which each of the fluorescent sheet and the radiation image storage panel is 
equipped with means containing information on the sheet or the storage panel. 

(44) The device of (35) above, in which the phosphor contained in the fluorescent sheet has a density of 6.0 g/ 
cm3 or more, or the fluorescent sheet has a density of 4.0 g/cm^ or more. 

(45) The device of (35) above, in which the light released from the phosphor contained in the radiation image 
storage panel shows a secondary stimulating spectrum overlapping with an emission spectrum of the light released 
from the phosphor contained in the fluorescent sheet at 70% or more. 

(46) The device of (35) above, in which each of the fluorescent sheet and the radiation image storage panel com- 
prises phosphorparticles and a binder, provided that each of a ratio of the binder to the phosphor in the fluorescent 
sheet and a ratio of the binder to the phosphor in the storage panel is 1 or more, and the fonner ratio is equal to 
or larger than the latter ratio. 

(47) The device of (35) above, In which the radiation image storage panel or the fluorescent sheet has a light- 
reflecting support or a composite of a support and a diffuse-reflecting layer 

(48) A radiation image storage device comprising a fluorescent sheets placed on a radiation image storage panel, 
the fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or 
visible region, and the radiation Image storage panel containing a phosphor which absorbs the light emitted by the 
phosphors of the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy 
in the form of a light upon irradiation with a light of visible or infrared region. 

(49) A radiation image storage device comprising a fluorescent layer and a radiation image storage layer, the 
fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
region, and the radiation image storage layercontalning aphosphor which absorbs the light emitted by the phosphor 
of the fluorescent layer to store therein energy of the absorbed light and releases the stored energy in the form of 
a light upon irradiation with a light of visible or Infrared region. 

(50) The device of (49) above, in which the radiation image storage layer has a thickness in the range of 0.2% to 
20%, based on that of the fluorescent sheet. 

(51 ) The device of (49) above, in which at least a portion of the device is colored with a dye which absorbs at least 
one of the stimulating rays, a light released from the radiation image storage layer, and a light released from the 
fluorescent layer 

(52) The device of (49) above, in which a selective reflecting layer allowing passage of the light released by the 
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phosphor In the fluorescent layer, while reflecting the stimulating light and the light released by the image storage 
layer is provided between the fluorescent layer and the radiation image storage layer. 

(53) The device of (49) above, in which the phosphor in the radiation Image storage layer and fluorescent layer 
are ail in the form of particles, the phosphor in the storage layer having a mean diameter equal to or less than that 
of the phosphor in the fluorescent layer. 

(54) The device of (49) above, in which the radiation image storage layer shows an absorption coefficient for the 
light released from the phosphor in the fluorescent layer as much as twice or more that of the fluorescent layer for 
the irradiated radiation. 

(55) The device of (49) above, in which the fluorescent layer comprises acicular phosphor particles arranged 
vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed 
with the partitions. 

(56) The device of (49) above, in which the phosphor contained in the fluorescent layer has a density of 6.0 g/cm^ 
or more, or the fluorescent layer has a density of 4.0 g/cm^ or more. 

(57) The device of (49) above, in which light released from the phosphor contained in the radiation image storage 
layer shows a secondary stimulating spectrum overlapping with an emission spectrum of the light released from 
the phosphor contained in the fluorescent layer at 70% or more. 

(58) The device of (49) above, in which each of the fluorescent layer and the radiation Image storage layer com- 
prises phosphorparticles and a binder, provided that each of a ratio of the binder to the phosphor in the fluorescent 
layer and a ratio of the binder to the phosphor in the storage layer is 1 or more, and the fonner ratio is equaUo or 
larger than the latter ratio. 

(59) The device of (49) above, which has a light- reflecting support or a composite of a support and a diffuse- 
reflecting layer. 

(60) The method (IV), in which the fluorescent sheet or the cassette is equipped with means containing information 
on the sheet or the cassette, respectively, and radiation imago storage panel is equipped with means containing 
information on the panel, and the information is read out after the latent image Is stored in the storage panel. 

(61) A cassette comprising a casing and a cover plate and having therein a fluorescent sheet fixed on one side 
thereof for encasing therein a radiation image storage panel, in which the image storage panel is l<ept in contact 
with the fluorescent sheet in the cassette when it is closed, and the Image storage panel only is taken out of the 
cassette when the cassette is open, the fluorescent sheet containing a phosphor which absorbs a radiation energy 
and emits a light of ultraviolet or visible region, and the radiation image storage panel containing a phosphor which 
absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the absorbed light and 
releases the stored energy in the form of a light upon irradiation with a light of visible or infrared region. 

(62) A cassette comprising a casing and an elastically bendable cover plate and having therein a fluorescent sheet 
fixed on the casing for encasing therein a radiation image storage panel, in which the image storage panel is kept 
in contact with the fluorescent sheet in the cassette when it is closed, and the image storage panel only is taken 
out of the cassette by bending the cover plate, the fluorescent sheet containing a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage panel containing 
a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the 
absorbed light and releases the stored energy in the form of a light upon irradiation with a light of visible or Infrared 
region. 

(63) The apparatus of the invention, in which a light-emitting means for irradiating the radiation image storage 
panel with a light for removing a radiation energy remaining in the image storage panel Is provided in the vicinity 
of an end of the image storage panel in such manner that the light-emitting means emits a light toward a space 
formed when the fluorescent sheet moves backward, 

(64) A process for producing a radiation image storage device comprising a radiation image storage layer and a 
fluorescent layer overlaid on the storage layer, the fluorescent layer containing a phosphor which absorbs a radi- 
ation energy and emits a light of ultraviolet or visible region, and a radiation image storage layer containing a 
phosphor which absorbs the light emitted by the phosphors of the fluorescent layer to store therein energy of the 
absorbed light and releases the stored energy In the form of a light upon irradiation with a light of visible or infrared 
region, which comprises simultaneously casting a solution containing the phosphor of the fluorescent layer and a 
solution containing the phosphor of the image storage layer so as to prepare a pair of solution layers placed one 
on another, and drying the solution layers simultaneously. 

[Structure of radiation image storage panel] 

[0044] In the invention, a fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light 
of ultraviolet or visible region and a radiation image storage layer containing a phosphor which absorbs the light emitted 
by the phosphors of the fluorescent layer to store therein energy of the absorbed light and releases the stored energy 
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in the form of a light upon irradiation with a light of visible or infrared region is employed in combination The fluorescent 
layer can be employed in the form of an Independent sheet (which may be named a fluorescent screen). The radiation 
image storage layer can be employed independently or in combination with the fluorescent layer in combination to give 

a radiation image storage panel or device. 

[0045] The radiation image storage layer may itself absorb the radiation energy applied to the storage layer, in addition 
to the absorption of the light emitted by the fluorescent layer or sheet. 

[0046] The representative combinations of the radiation Image storage layer or panel (or device) and the fluorescent 
layer or sheet are described by referring to the attached drawings. 

[0047] Fig. 1 illustrates a structure of a radiation image storage device favorably employed for the method (I) ac- 
cording to the invention. 

[0048] The radiation image storage device 1 0 is composed of a radiation image storage panel 1 0a on the front side 
(to be irradiated with radiation) and a fluorescent sheet 1 0b on the back side. The image storage panel 1 0a is composed 
of a support 1 1 a, a fluorescent layer 1 2a. a radiation image storage layer 13, and a protective layer 1 4a. The fluorescent 
sheet 10b IS composed of a support lib. a fluorescent layer 12b. and a protective layer 14b. The fluorescent sheet 
1 0b may be placed on the front side. 

[0049] The fluorescent layer 12a has a thickness, generally, of 50 to 200 ^m, preferably of 100 to 150 u m The 
fluorescent layer 12b has a thickness equal to or larger than the thickness of the fluorescent layer 12a and has a 
thickness, generally of 50 to 300 urn, preferably of 1 00 to 250 urn. If the fluorescent layer has a divided area as described 
hereinafter, its thickness can be up to about 600 nm (preferably less than 500 urn). 

[0050] The radiation image storage layer 13 comprises a stimulable phosphor which can store the radiation energy 
by absorbing a light of ultraviolet or visible region. Therefore, the image storage layer can be made thin to reach 
generally the range of 1 to 50 tun, preferably 5 to 20 ^m. It is preferred that the image storage layer 13 is thinnerthan 
the fluorescent layer 12a. Preferably, the image storage layer 13 has athickness of 0.2 to 20%. based on the thickness 
of the total thickness of the fluorescent layer 12a and fluorescent layer 12b. 

[0051] The support 11a, 11b has a thickness generally of 50 to 1,000 ^m. preferably 120 to 350 urn The support 
can be placed on a substrate such as a carbon fiber sheet or an aluminum sheet. 

I"^ P''°^««=«^« layer 14a, 14b has a thickness generally of approx. 1 nm to 20 urn. preferably of 3 to 15 ^m 
[0053] Fig. 2 Illustrates a structure of a radiation image storage device favorably employed for the method (in ac- 
cording to the invention. ^ ' 

[0054] The radiation image storage device 20 is composed of a radiation image storage panel 20a which is placed 
between two fluorescent sheets 20b, 20c. The image storage panel 20a is composed of a protective layer 24a an 
image storage layer 23, and a protective layer 24a'. The fluorescent sheet 20b is composed of a support 21 b a fluo- 
rescent layer 22b, and a protective layer 24b. The fluorescent sheet 20c is composed of a support 21 c a fluorescent 
layer 22c, and a protective layer 24c. 

[0055] Fig. 3 illustrates a structure of a radiation image storage device favorably employed also for the method (in 
according to the invention. ' 

[0056] The radiation image storage device 30 is composed of a radiation image storage panel 30a which is placed 
between two fluorescent sheets 30b. 30c. The Image storage panel 20a is composed of a protective layer 34a an 
image storage layer 33, a support 31 a, an image storage layer 33V and a protective layer 34a'. The fluorescent sheet 
30b IS composed of a support 31b, a fluorescent layer 32b, and a protective layer 34b. The fluorescent sheet 30c is 
composed of a support 31c, a fluorescent layer 32c, and a protective layer 34c. 

[0057] Fig. 4 illustrates a structure of a radiation image storage device favorably employed for the method (III) ac- 
cording to the invention. ^ r- j \ i 

[0058] The radiation image storage device 40 Is composed of a radiation image storage panel 40a on the front side 
(to be irradiated with radiation) and a fluorescent sheet 40b on the back side. The image storage panel 40a Is composed 
o a support 41 a. a radiation image storage layer 43, and a protective layer 44a. The fluorescent sheet 40b Is composed 
or a support 41b. a fluorescent layer 42b. and a protective layer 44b. The fluorescent sheet 40b may be placed on the 
front side. 

[0059] Fig. 5 illustrates a structure of a radiation image storage device favorably employed for the method f IV) ac- 
cording to the invention. ^ ' 

[0060] The radiation image storage device SO Is composed of a radiation image storage panel. The image storage 
?n«"oJf °' ^ ^"PPO'^ 51 . a fluorescent layer 52, a radiation image storage layer 53, and a protective layer 54 

[0061] The thickness values described for the radiation image storage device of Fig. 1 are also appropriate for the 
radiation image storage devices of Fig. 2 to Fig. 5. 

[Stimulable phosphor] 



[0062] A representative phosphorto be incorporated into the radiation image storage layer is a stimulable phosph^ 
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which absorbs a light of the ultraviolet to visible region to store the energy of the absorbed light and, when it is stimulated 
with a stimulating light of a visible to infrared region, it releases the stored energy in the form of a stimulated emission. 
[0063] The stimuiable phosphor preferably employable in the radiation image storing and reproducing system of the 
invention absorbs a light of a violet to blue region. Examples of the preferred stimuiable phosphors include CaS:Eu, 

5 Sm, Cas:Ce,Sm. Cas: Ce,Bi, SrS:Eu,Sm, SrS:Ce,Sm, SrS:Ce,Bi, (Cao.7,Sro.3)S:Bi,Cu, (Ca,Sr)S:Ce,BI. and 2nS:Cu! 
Pb. Also employable is GdOCi.Ce described in Japanese Patent Publication No. 6-31904 which absorbs a light in the 
wavelength range of 250 to 400 nm In addition to a radiation of a wavelength of shorter than 250 nm can be employed. 
[0064] For some of the above-described stimuiable phosphors, the peak wavelength of stimulating spectrum and 
the peak wavelength of an emission spectrum is set forth in Table 1. In Table 1, "Primary stimulating wavelength" 

10 essentially con*esponds to an absorption wavelength of the stimuiable phosphor to store the energy of light emitted by 
the radiation absorbing phosphor of the fluorescent layer of sheet, and "Secondary stimulating wavelength" means a 
wavelength of light for stimulating the energy stored-stimulable phosphor to release the energy in the form of a stim- 
ulated emission for reproducing the radiation image. 

15 Table 1 



No. 


Stimuiable Phosphor 


Stimulating spectrum (Peak wavelength: nm) 


Emission spectrum (Peak 
wavelength) 


Primary 


Secondary 


(nm) 


1 


CaS:Eu,Sm 


290= 540 


1150 


640 


2 


SrS:Eu.Sm 


290, 470 


1090 


590 


3 


SrS:Ce.Sm 


280, 440 


1040 


490. 530 


4 


ZnS:Cu,Pb 


370 


750, 1320 


490 



25 

[0065] Preferred phosphors from the viewpoint of response quickness are the above-described CaS:Eu.Sm, Cas: 
Ce,Sm, Cas: Ce3i, SrS:Eu.Sm, SrS;Ce,Sm, SrS:Ce,Bi, (Cao.7,Sro.3)S:Bi,Cu, (Ca,Sr)S:Ce,Bi, and ZnS;Cu,Pb. How- 
ever, the stimuiable phosphors employable in the invention are not limited to these phosphors. For instance, a phosphor 
in which an emission center is produced can be employed. 

[0066] The stimuiable phosphor is generally employed In the fomi of fine particles, preferably having a mean particle 
size of approx. 5 p.m or less, more preferably 2 \im or less. 

[Radiation-absorbing phosphor] 

35 [0067] The fluorescent layer or the fluorescent sheet comprises a radiation-absorbing phosphor, which absorbs ra- 
diations such as X-rays, a-rays, p-rays, y-rays, ultraviolet rays, neutron-rays, and their analogue rays and releases, 
generally, a spontaneous emission of a ultraviolet to visible region. The radiation-absorbing phosphor preferably con- 
tains an atomic element corresponding to an atomic number 37 or more, preferably an atomic number of 55 to 83, as 
a mother component. 

40 [0068] Examples of the preferred radiation-absorbing phosphors include LnTa04, (Nb,Gd) type, Ln2Si05:Ce type, 
LnOXiTm type (Ln is a rare earth element). CsX type (X is halogen), GdgOgSiTb, Gd202S:Pr,Ce, ZnWO., LuAIOgiCe, 
Gd3Ga50i2:Cr, Ce, and HfOg. 

[0069] Density, emission wavelength, and a stimuiable phosphor preferably employed in combination are set forth 
in Table 2 for some of the above-described phosphors. 

45 

Table 2 



Radiation-absorbing phosphor 


Density 


Emission wavelength 


Stimuiable phosphor 


(g/cm3) 


(nm) 


(No. of Table 1) 


(YSr)Ta04 


7.46 


325 


Nos. 1.2,3 


(Y,Sr)Ta04:Nb 


7.46 


395 


No. 4 


(Y,Sr)Ta04:Gd 


7.46 


315 


Nos. 1. 2, 3 


Gd202S:Tb 


7.34 


545 


No. 1 


Lu2Si05:Cc 


7.40 


420 


Nos. 3, 4 


Gd202S:Pr,Ce 


7.34 


510 


No. 1 


ZnW04 


7.87 


475 


Nos. 1, 2, 3 
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[0070] The radiation -absorbing phosphor is generally employed in the form of particles, whose mean particle si7e 
preferably is in the range of approx. 1 to 20 pim. 

[0071] From the viewpoint of matching, the emission spectrum of the radiation-absorbing phosphor preferably over- 
laps with the primary stimulating range of the stimulable phosphor at 70% or more. The range of spectrum is calculated 
from the range between a wavelength in a shorter portion at which the spectrum gives a strength of 10% of the peak 
value and a wavelength in a longer portion at which the spectrum gives a strength of 10% of the peak value. 
[0072] It is prefen-ed that a fluorescent layer or sheet placed on the front side and a fluorescent layer or sheet on 
the back side contain mother components of heavy atomic elements of atomic number 37 or more which are different 
from each other. Particularly, the fluorescent layer of sheet to be placed on the back side contains an atomic element 
of greater atomic number 



[Production of radiation image storage device] 

[0073] The phosphor layer can be formed on a support sheet by a known method. 

[0074] The support film can preferably is a transparent or light-reflecting plastic material sheet or film. Examples of 
the plastic materials include polyethylene terephthalate, polyethylene naphthalate, polyamide, polyimide. and aramid 
resin. The thickness of the support sheet generally Is in the range of 50 to 1,000 jim. 

[0075] The light-reflecting support sheet which reflects a primary and/or secondary stimulating light or a stimulated 
emission may contain a light-reflecting powder such as alumina powder, titanium dioxide powder, or barium sulfate 
powder The support sheet may contain carbon black. 

[0076] The stimulable phosphor layer or radiation-absorbing phosphor layer can be formed, for example, In the fol- 
lowing manner which is as such known. First, the phosphor particles and a binder are placed in a solvent, and mixed 
well to prepare a coating liquid in which the phosphor particles are uniformly dispersed in a binder solution. As the 
binder various resin materials arc known and optionally usable for the invention. The ratio between the binder and the 
phosphor In the liquid depends on the characteristics of the phosphor and the aimed property of the phosphor layer 
but generally they are employed at a ratio of 1 :1 to 1 :100 (bindenphosphor, by weight). The coating liquid may further 
contain various additives such as a dispersing agent (for promoting dispersing of the phosphor particles), a plasticizer 
(for improving binding between the phosphor particles and the binder), an anti-yellowing agent (for inhibiting yellowing 
of the phosphor layer), a hardening agent and a crossllnking agent. 

[0077] The coating liquid thus prepared is evenly coated on a support (e.g.. glass plate, metal plate, plastic sheet) 

by known coating means (such as doctor blade, roll coater and knife coater), and dried to form a phosphor layer The 

phosphor layer is once formed on a temporary sheet and then transferred onto the genuine support. 

[0078] The phosphor layer can contain acicular phosphor particles which are arranged vertically on the surface of 

the support. For Instance, an acicular phosphor such as Csl:Na, CslTI. or CsBnTI can be employed. 

[0079] The stimulable phosphor layer can be a deposited phosphor layer or a sintered phosphor layer 

[0080] The radiation-absorbing phosphor can be placed within areas enclosed partitions so as to define diffusion of 

a released light within the area. Since the radiation-absorbing phosphor layer is made relatively thick, the provision of 

the partitions is effective to prevent the released light from diffusing on the plane of the phosphor layer 

[0081 ] The phosphor layer having a set of partitions and divided phosphor areas in which a phosphor is Incorporated 

is already known. 

[0082] The radiation-absorting phosphor layer can be made of a fiber plate and a phosphor layer of acicular phosphor 
crystals, as shown In Fig. 7. 

[0083] In Fig. 7, the radiation-absorbing phosphor layer 12b' is composed of an acicular phosphor layer ^2b^ and a 
fiber plate 1 2b2 placed on the layer 1 2b, . The acicular phosphor layer 1 2b, contains cracks which function as partitions. 
The fiber plate 12b2 is an optical plate in which several millions of optical fibers are combined in the direction of the 
depth of the plate. The light of ultraviolet to visible region emitted by the radiation-absorbing phosphor layer passes 
through the fiber plate 12b2 to reach the stimulable phosphor layer 1 3 almost with no diffusion on the plane direction. 
[0084] The radiation-absorting phosphor layer having partitions is preferably arranged in a fluorescent layer or sheet 
to be arranged on the back side so as to enhance the sharpness of the resulting radiation image. Moreover, the fluo- 
rescent sheet or layer arranged on the back side is generally fixed in a cassette and its transferring is generally req uired. 
[0085] In the radiation Image storage panel of Fig. 1, a stimulable phosphor layer is placed on the radiation-absorbing 
phosphor layer The stimulable phosphor layer is generally made of stimulable phosphor particles and a binder A 
stimulable phosphor layer of deposited phosphor or sintered phosphor is also employable. 

[0086] When each of the radiation-absorbing phosphor layer and a stimulable phosphor layer comprises phosphor 
particles and a binder Each of a weight ratio of the binder to phosphor (binder/phosphor: B,/P,) in the radiation- 
absorbing phosphor layer and a weight ratio of the binder to phosphor (binder/phosphor: B2/P2) in the stimulable phos- 
phor layer preferably is 1 or less. Moreover, the former ratio preferably is less than the latter ratio, that is 1 > Bg/P^ ^ 
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[0087] The B^/P^ in the radiation-absorbing phosphor layer is preferably in the range of 1/8 to 1/50, more preferably 
1/15 to 1/40. The B2/P2 in the stimulable phosphor layer Is preferably In the range of 1/1 to 1/40, more preferably 1/2 

to 1/20. 

[0088] It is preferred that a mean particle size of the phosphor in the radiation-absorbing phosphor layer is equal to 
or larger than that of the stimulable phosphor in the stimulable phosphor layer. More preferably, the mean particle size 
of the phosphor in the radiation-absorbing phosphor layer Is as much as twice or larger, as compared with that of the 
stimulable phosphor in the stimulable phosphor layer. 

[0089] The mean particle size of the phosphor in the radiation-absorbing phosphor layer generally is in the range of 
1 to 20 ^im, preferably 2 to 10 |i.m. The mean particle size of the stimulable phosphor in the stimulable phosphor layer 
generally is in the range of 0.2 to 20 fim. preferably 0.5 to 5 |im. The stimulable phosphor may has a more smaller 
mean particle size. 

[0090] Both phosphors can have a particle size distributions such as those described in Japanese Patent Provisional 
Publications No. 2000-284097, No. 2000-192030, and No. 58-1826C0. 

[0091] From the viewpoint of improvement of radiation image quc.lity, the radiation absorption coefficient of the ra- 
diation-absoriDlng layer and the absorption coefficient of absorbing a light (i.e., a primary stimulating light) emitted by 
the radiation-absorbing layer are preferably according to the following relationship: 

[0092] Absorption coefficient of absorbing primary stimulating light > Radiation absorption coefficient of the radiation- 
absorbing layer x 2 

[0093] More preferably is as follows: / 

Absorption coefficient of absorbing primary stimulating lighf > Radiation absorption coefficient of the 

radiation-absorbing layer x 5 

[0094] The absorption coefficient of absorbing primary stimulating light is a virtual coefficient (or apparent coefficient) 
defined as follows. 

[0095] It is assumed that the phosphor layer has a uniform thickness (d), a light reflectivity of the phosphor layer 
when the phosphor layer is placed independently in a space is (r), and a light transmittance is (t). The light reflectivity 
(r) is detennined using a standard white board. A light reflectivities (R^ and R^,) of a system surrounding the phosphor 
layer which is placed adjacent to the white board (light reflectivity rj and to the black board (light reflectivity rb) under 
the condition that the white or black board is placed on the side of the back surface of the phosphor layer are calculated 
by the following equations: 

Rvv = r + r^ X Rjj = r + r^j X t^ 

[0096] The virtual light absorption coefficient K of the phosphor layer can be calculated: assuming that the coefficient 
K decreases logarithmically along the thickness (d) of the phosphor layer 

K = -d/d) X ln[t/(l-r) 

= -d/d) X ln[{{R„-Rb)/(r,-r^)}^/V{l-Rw+rw(Rw-I^)/(^^^ 

[0097] The radiation absorption coefficient can be calculated by multiplying a mass energy absorption coefficient 
M-en^P ^ density p of the phosphor layer. Each of Fig. 8 and Fig. 9 graphically indicates a relationship between a 
photon mass decrease coefficient |a/p and a mass energy absorption coefficient p^er/P ^^f" ^^^^ of the phosphors GdgOgS 
and Csl. The information is available at http:// physics.nist.gov/PhysRefdata/XrayMassCoef/cover.html. The density p 
of phosphor layer is determined by multiplying a density of the phosphor perse by a ratio of phosphor in the layer. 
[0098] Some combinations of the radiation-absorbing phosphor layer and tho stimulable phosphor sheet satisfying 
the condition defined in the invention are set forth below. 

1) Radiation-absorbing phosphor layer 

GdgOgSiTb) phosphor (mean diameter: 5 [i m) 
density: 5 g/cm^ 

X ray-absorbing coefficient (at 40 KeV) 
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= 25 cm-"' 
Stimulable phosphor layer 

CaS;Eu,Sm phosphor (mean diameter: 2\im) 
B2/P2= 1/5 

light reflection (at 645 nm) = 360 cm-^ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



2) Radiation-absorbing phosphor layer 

Csl.TI deposited acicular phosphor layer (mean diameter of acicular phosphor: 5 |im) 
density: 4.5 g/cm^ 

X ray-absorbing coefficient (at 40 KeV) 

= 42 cm-'' 
Stimulable phosphor layer 

CaS Ce.Sm phosphor (mean diameter: 2 |im) 

light reflection (at 450 nm) = 580 cm*"" 

[0099] In order to reproduce a radiation image of high quality, the radiation-absorbing phosphor layer preferably has 
a mean density of 4.0 g/cm^ or higher, or the radiation-absorbing phosphor per se has a density of 6.0 g/cm3 or higher. 
[0100] If the mean particle diameter of the stimulable phosphor is not sufficiently small, as compared with the thick- 
ness of the stimulable phosphor layer for instance, under a condition of d/10<a<d [d = thickness of phosphor layer 
(^m), a = mean particle diameter of phosphor particles (^m)]^ a thin stimulable phosphor layer and a thick radiation- 
absorbing phosphor layer can be preferably produced at the same time utilizing simultaneous double casting or coating 
method. By the simultaneous double casting, a thin stimulable phosphor layer such as of a thickness of 6 to 20 um 
can be produced. 

[0101] The simultaneous double casting (or coating) is well known particularly In the preparation of a silver halide 
photographic material. 

[0102] On the fluorescent layer (i.e., radiation-absorbing phosphor layer) or the stimulable phosphor layer, a protec- 
tive layer is preferably provided. The material and dimensional conditions for protective layers of a fluorescent screen 
and a radiation image storage panel are well known. The protective layer preferably shows a light-scattering length (at 
a main emission wavelength of the stimulable phosphor) in the range of 5 to 80 ^im, more preferably 1 0 to 70 ^im. Such 
preferred light-scattering length can be given by incorporating light-scattering particles into the protective layer. 
[0103] On the protective layer, a fluoro-resin layer can be formed. 

[0104] As illustrated in Fig. 10, a selective reflecting layer can be placed between the fluorescent layer and the 
stimulable phosphor layer. The provision of the selective reflecting layer allows passage of light emitted by the fluo- 
rescent layer and reflects the Irradiating light for the reproduction of the radiation image and the stimulated light emitted 
by the stimulable phosphor, so that the efficiency of collection of the light emitted by the stimulable phosphor layer can 
be increased and the thickness of the stimulable phosphor layer can be made smaller. Therefore, a radiation image 
having an improved sharpness can be reproduced. 

[0105] In Fig. 10, a radiation image storage panel 10a' is composed of a support 11a, a fluorescent layer 12a. a 
selective reflecting layer 15, a stimulable phosphor layer 13, and a protective layer 14a. 

[01 06] The selective reflecting layer can be produced by forming a film of plural layers on a thin film. The film of plural 
layers (such as a interfering multi-layered film) can be produced by placing two material layers having different refractive 
indexes alternately, and per se is well known. 

[0107] Fig. 11 indicates a typical multi-layered film composed of SiOg layers (low refractive Index layer 1 5b) andTiOp 
layers (high refractive index layer 15a) placed alternatively. The film is composed of 17 layers (total). Details of the 
layer structure are set forth in Table 3. 

Table 3 



No. of Layer 


Refractive index 


Thickness (nm) 


1 


1.45 


80 


2 


2.35 


101 


3 


1.45 


147 


4 


2.35 


80 



14 
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Tabic 3 (continued) 



No. of Layer 


Refractive index 


Thickness (nm) 


5 


1.45 


133 


6 


2.35 


80 


7 


1.45 


133 


8 ^ 


2.35 


80 


9 


1.45 


133 


10 


2.35 


80 


11 


1 .45 


133 


12 


2.35 


80 


13 


1.45 


133 


14 


2.35 


80 


15 


1.45 


133 


16 


2.35 


80 


17 


1.45 


65 



[0108] Fig. 12 is a graph indicating light transmission characteristics of the multi-layered film having the constitution, 
of Table 3. The transmittance (at a light incident angle of 0"*) is approximately 97% at a wavelength of 633 nm. 
[0109] The above-mentioned multi-layered film shows a selectivity as to the light Incident angle. Fig. 13 Is a graph 
indicating light transmission characteristics of the multi-layered film having the constitution at 400 nm and 633 nm. For 
a light of 633 nm having an incident angle of 0** to 2*, the transmiUance is more than 50%, but when the incident angle 
is larger than 25**, the transmittance lowers to approx. 5%. For a light of 400 nm, the transmittance Is more than 90% 
in any incident angle within 0** to approx. 70**. 

[0110] The selective reflecting layer can be formed on a thin polymer film (thickness: 4 to 20 |im) by sputtering, 
depositing or ion-plaling the materials of the multi-layered film one on another. 

[0111] If the radiation Image storage panel is to be placed on the front side, a diffuse-reflecting layer is provided. 
Fig. 14 indicated a representative structure of such radiation image storage panel 1 0a" which is composed of a support 
11a, a diffuse-reflecting layer 16, a fluorescent layer 12a, a stimulable phosphor layer 13, and a protective layer 14a. 
[0112] The diffuse-reflecting layer contains a light-scattering material such as titanium dioxide, yttrium oxide, zirco- 
nium oxide, or aluminum oxide (alumina) and reflects a light omitted by the fluorescent layer so that an amount of the 
light (i.e., first stimulating light) to be supplied into the stimulable phosphor layer is increased. 

[0113] The diffuse-reflecting layer containing titanium oxide is preferably employed In combination of a radiation- 
absorbing phosphor GdgOgSiTb. If the radiation-absorbing phosphor emits a light of shorter wavelength such as approx. 
430 nm or shorter, alumina, yttrium oxide or zirconium oxide showing no absorption in that area is preferably employed. 
[0114] The diffuse-reflecting layer when it is independently present preferably shows a relationship between the 
thickness and the diffuse reflectivity corresponding to the shadow area illustrated in Fig. 15. 

[0115] In place of providing the diffuse- reflecting layer, the support can contain the light-reflecting materia so as to 
serve as the diffuse-reflecting layer. 

[0116] If desired, an auxiliary layer such as a light-absorbing layer, an adhesive layer, or an electroconductive layer 
can be provided to the radiation Image storage panel. 

[0117] The radiation Image storage panel can be colored by with a dye which absorbs at least one of the stimulating 
rays, a light released from the radiation image storage layer, a light released from the fluorescent layer, and a light 
released from the fluorescent sheet. The light released from the radiation image storage layer is preferably absorbed 
in portion when the light is detected not at a point but a line using a line sensor or the like. 
[0118] Various dyes which absorb lights of different wavelength are well known. 

[Fluorescent sheet] 

[01 1 9] The fluorescent sheet (fluorescent screen or radiatlon-absoriDing phosphor layer) can be manufactured almost 
In the same manner as in the manufacture of radiation image storage panel. Also, known processes for manufacturing 
fluorescent sheets such as radiographic Intensifying screens can be utilized. 

[Radiation image storing and reproducing procedure] 

[0120] Fig. 6 schematically illustrates a procedure for reading (or reproducing) a radiation image stored in a radiation 
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image storage panel such as that Illustrated in Fig. 1 . The procedure of Fig. 6 utilizes a point reading system. 
[0121] In Fig. 6, a radiation image storage panel 60 is transferred in the direction of arrow, by means of a pair of 
rollers 61 . On the storage panel 60 is applied a stimulating light 63. A stimulated emission 64 is directly detected by a 
light detecting means 65 or indirectly detected after reflection on a mirror 69. In the photoelectric conversion means 
66, the stimulated emission 64 Is converted into a series of electric signals, which are then transmitted to a multiplier 
67 and further processed In a processor 68. 

[Use of plural fluorescent sheets] 

[0122] The radiation Image storage panel of the invention can be utilized in combination with different fluorescent 
sheets, in consideration of the object of radiography to be desired. For Instance, the following combinations are men- 
tioned. 



Thickness of fluorescent layer 


Object 


Conditions of Radiography 


0 |.Lm (none) 


Mammography 


Mo tube, 30 - 40 kV 


60 ptm 


Limb bones 


W tube, 40 - 60 kV 


120 |im 


Breast 


Wtube, 80- 140 kV 


200 \im 


Industrial Product (e.g., pipes) 


Wtube, 80- 140 kV 



[0123] Accordingly, a plurality of fluorescent sheets can beset in a radiation image storing and reproducing apparatus. 
[0124] A radiation image storage device of the invention is generally employed using a cassette for encasing the 
device. The cassette encasing the radiation image storage device of the invention as such is exposed to radiation, and 
then the radiation image storage panel is taken out of the cassette for reproducing a radiation image stored in the 
storage panel. 

[0125] A representative structure of the cassette is illustrated in Fig. 16. The cassette 71 is composed mainly of a 
case 71a and a covering plate 71b which is connected to the case 71a, for instance, by a hinge 71c. On each of the 
Inner side of the case 71a and the covering plate 71b, an cushion element 71 e made of elastic material Is fixed, so as 
to tightly combine a radiation image storage panel 10a and a fluorescent sheet 10b when the cassette 71 is closed. 
The fluorescent sheet 10b is fixed on the cushion element 71 e. After the cassette 71 is exposed to radiation, the 
cassette is opened by disengaging a lock 71 d and the image storage panel 10 is taken out. 
[0126] Fig. 17 illustrates a radiation image reproducing apparatus in which the cassette of Fig. 16 is employed. 
[0127] The apparatus has a radiation image storage panel reading site, a transfer system 82 and an erasure system 
83, a cassette supply board 84, and a radiation image storage panel-releasing space 85. The cassette transferred on 
the board 84 is placed upside-down. The cassette supplied to the storage panel-releasing space 85 is then opened 
by lifting the case 71a and the covering plate 71b is kept on the board 84. A panel picker having on its top a roller is 
brought into contact with the image storage panel 1 0a, and takes the storage pane! 1 0a out of the cassette. The storage 
panel 10 is then placed on the transfer system. 

[01 28] Fig. 1 8 illustrates another example of a cassette for encasing a radiation image storage device of the invention , 
in which Fig. 18-(1) illustrates the cassette 72 closed for keeping the radiation image storage device, while Fig. 18-(2) 
illustrates the cassette 72 opened for taking a radiation image storage panel 10a. The cassette 72 has a case 72a 
having a side covering member 72b, and a covering plate 72f. Onto the Inner surface of the case 72a fixed is a cushion 
element 72e and a fluorescent sheet 1 0b. The covering sheet 72f is made of elastic material so that it is freely bendable. 
When the image storage panel 10a Is to be taken out, the covering plate 10a is bent outwardly so that the storage 
panel 10a can be taken out of the cassette without receiving any deforming force. 

[0129] Any one or more of the radiation Image storage panel, the fluorescent sheet, and the cassette can have an 
infonnation-keeplng means on which certain information relative to the panel, sheet or cassette is recorded. The in- 
formation is favorably employed, for instance, when the image reading conditions are determined, or when the radiation 
image data should be connected to the panel, sheet or cassette. The information-keeping means can be in the form 
of a bar code label or a magnetic recording chip and is placed in any position of the panel, sheet and cassette. 

[Radiation image storing and reproducing apparatus] 

[0130] Fig. 19 schematically indicates a radiation image storing and reproducing apparatus favorably employable 
for the invention. 

[0131] The apparatus has a housing having on its outer surface a plate 121 with which an object such as a patient 
123 is kept in contact. To the inner wall of the housing, a radiation image storage panel 1 0a is fixed In a position facing 
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the plate. 

[0132] A fluorescent sheet 10b is provided in the housing in a position facing the fixed image storage panel 10a. The 
fluorescent sheet 10b is able to nnove fonward and backward in relation to the fixed image storage sheet 10a. The 
movement is made by a fluorescent sheet-moving system 160. The system 160 is composed of a support plate 161 
5 having on its surface a cushion member 163. a pair of extendable/shrinkable amns 162. 

[0133] Outside of the housing, a radiation applying means 120 composed of a radiation source 122 (e.g., X-ray tube) 
and the plate 21 for the patient is arranged. 

[0134] In the housing, a light-detecting means (i.e., image-reproducing means) composed of a light source element 
131 (e.g., a linear light source) and a photoelectric detection means 134 (e.g., line sensor) forms a united structure 

10 and moves simultaneously. The light-detecting means is connected to a light-detection control means 139, which gives 
instructions to the combination of a light source element 131 and a photoelectric detection means 1 34 on the detection 
procedures and receives a series of electric signals detected by the light-detecting means 134. 
[0135] Within the housing, an erasing means 140 such as a fluorescent lamp which removes a radiation energy 
remaining on the radiation image storage panel 10a. 

15 [0136] In the apparatus of Fig. 19 (1), after the patient 123 is exposed to X-rays, a pair of arms 162 are shrunken, 
and hence the support plate 161 is retracted. Simultaneously, the fluorescent sheet 10b is also retracted to produce a 
space between the fixed image storage panel 10a and the retracted fluorescent sheet 10b. Into thus produce space, 
a combination of a light source element 131 and a photoelectric detection means 134 enters to sequentially read the 
radiation image out of the image storage panel 10a. The delected electric signals are transmitted to the control means 

20 139. 

[01 37] When the radiation image-reading procedure is complete, a pair of fluorescent lamps 1 40 are put on to remove 
(or erase) the radiation energy remaining on the image storage panel 10a. When the erasing procedure is complete, 
a pair of arms 162 are extended to push the fluorescent sheet 1 0b onto the radiation image storage panel 1 0a. 

25 

Claims 

1 . A method for storing and reproducing a radiation image which comprises the steps of: 

30 placing a fluorescent sheet on a radiation image storage panel comprising a fluorescent layer and a radiation 

image storage layer in such manner that the fluorescent sheet is arranged adjacent to the image storage layer 
of the storage panel, so as to give a composite structure, the fluorescent sheet containing a phosphor which 
absorbs a radiation energy and emits a light of ultraviolet or visible region, the fluorescent layer of the storage 
panel containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, 

35 and the radiation image storage layer of the storage panel containing a phosphor which absorbs the light 

emitted by the phosphors of the fluorescent layer and the fluorescent sheet to store therein energy of the 
absorbed light and releases the stored energy in the form of a light upon irradiation with a light of visible or 
infrared region; 

applying onto the composite structure on the side of the fluorescent sheet or the radiation image storage panel 
40 a radiation having penetrated through an object, a radiation having been emitted by an object, or a radiation 

having been scattered or diffracted by an object, so as to store energy of the applied radiation in the fomn of 
a latent image on the image storage layer of the storage panel; 
separating the radiation image storage panel from the fluorescent sheet; 

irradiating the image storage panel on the side of image storage layer with stimulating light in a visible or 
45 infrared region to excite the phosphor in the storage layer so that the energy stored in the storage layer in the 

fonn of a latent image is released in the form of a light; 
collecting the light released from the storage layer by light-collecting means; 
converting the collected light into a series of electric signals; and 
producing an image corresponding to the latent image from the electric signals. 

50 

2. The method of claim 1 , In which each of the fluorescent sheet and the radiation image storage panel is equipped 
with moans containing information on the sheet or the storage panel, and the information is read out after the latent 
image is stored in the storage layer of the storage panel. 

55 3. A radiation image storage device comprising a fluorescent sheet which contains a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region, and a radiation image storage panel comprising 
a fluorescent layer and a radiation image storage layer, the fluorescent layer of the storage panel containing a 
phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, and the radiation image 



17 



EP 1 113 292 A2 



storage layer of the storage panel containing a phosphor which absorbs the light emitted by the phosphors of the 
fluorescent layer and the fluorescent sheet to store therein energy of the absorbed light and releases the stored 
energy in the form of a light upon Irradiation with a light of visible or infrared region. 

4. The device of claim 3, in which the radiation image storage layer of the radiation image storage panel has a 
thickness less than that of the fluorescent layer. 

5. The device of claim 3, in which the radiation Image storage layer of the radiation Image storage panel has a 
thickness in the range of 0.2% to 20%, based on the total thickness of the fluorescent sheet and the fluorescent 
layer of the storage panel. 

6. The device of claim 3, in which at least one layer of the radiation image storage panel is colored with a dye which 
absorbs at least one of the stimulating rays, a light released from the radiation Image storage layer, a light released 
from the fluorescent layer, and a light released from the fluorescent sheet. 

7. The device of claim 3, In which the fluorescent sheet has on a surface thereof a protective layer and the radiation 
image storage panel has on a surface thereof a protective layer, the former protective layer showing a row of 
electrification corresponding to that of the latter protective layer. 

8. The device of claim 3, in which a selective reflecting layer allowing passage of the light released by the phosphor 
in the fluorescent layer, while reflecting the stimulating light and the light released by the image storage layer is 
provided in the radiation image storage panel between the fluorescent layer and the radiation image storage layer. 

9. The device of claim 3, in which the phosphors in the fluorcscGnt sheet and the radiation image storage layer and 
fluorescent layer of the radiation image storage panel are all in the form of particles, the phosphor in the storage 
layer having a mean diameter equal to or less than that of at least one of the phosphor in the fluorescent sheet 
and the fluorescent layer. 

0. The device of claim 3, in which the radiation image storage layer shows an absorption coefficient for the light 
released from the phosphors in the fluorescent layer and the fluorescent sheet as much as twice or more those of 
the fluorescent layer and fluorescent sheet for the irradiated radiation. 

1. The device of claim 3, in which at least one of the fluorescent sheet and the fluorescent layer comprises acicular 
phosphor particles arranged vertically or comprises partitions defining the layer on a plane thereof and phosphor- 
containing areas enclosed with the partitions. 

2. The device of claim 3. in which each of the fluorescent sheet and the radiation image storage panel is equipped 
with means containing information on the sheet or the storage panel. 

3. The device of claim 3, in which at least one of the phosphors contained in the fluorescent sheet and fluorescent 
layer has a density of 6.0 g/cm^ or more, or at least one of the fluorescent sheet and fluorescent layer has a density 
of 4.0 g/cm^ or more. 

4. The device of claim 3, in which the light released from the phosphor contained in the radiation image storage layer 
shows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of the light released 
from the phosphors contained in the fluorescent sheet and fluorescent layer at 70% or more. 

5. The device of claim 3, in which each of the phosphor in the fluorescent sheet and the phosphor in the fluorescent 
layer has an atomic element of the atomic number 37 or larger, provided that the atomic element contained in the 
phosphor of the fluorescent sheet differs from that contained in the phosphor of the fluorescent layer. 

5. The device of claim 3, in which each of at least one of the fluorescent sheet and the fluorescent layer, and the 
radiation image storage layer comprises phosphor particles and a binder, provided that each of a ratio of the binder 
to the phosphor in the fluorescent sheet or the fluorescent layer and a ratio of the binder to the phosphor in the 
storage layer is 1 or more, and the former ratio Is equal to or larger than the latter ratio. 

r. The device of claim 3, in which the radiation image storage panel or the fluorescent sheet has a light-reflecting 
support or a composite of a support and a diffuse-reflecting layer 
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18. A radiation Image storage device comprising a fluorescent sheet which contains a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region placed on a radiation Image storage panel com- 
prising a fluorescent layer and a radiation image storage layer in such manner that the fluorescent layer Is arranged 
adjacent to the fluorescent layer, the fluorescent layer of the storage panel containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage layer of the 
storage panel containing a phosphor which absorbs the light emitted by the phosphors of the fluorescent layer and 
the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy in the fomn of a 
light upon Irradiation with a light of visible or Infrared region. 

19. A method for storing and reproducing a radiation image which comprises the steps of; 

placing a radiation image storage panel between two fluorescent sheets so as to give a composite structure, 
each of the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of 
ultraviolet or visible region, and the radiation image storage panel containing a phosphor which absorbs the 
light emitted by the phosphors of the fluorescent sheets to store therein energy of the absorbed light and 
releases the stored energy in the fomn of a light upon irradiation with a light of visible or infrared region; 
applying onto the composite structure on one side a radiation having penetrated through an object, a radiation 
having been emined by an object, or a radiation having been scattered or diffracted by an object, so as to 
store energy of the applied radiation in the form of a latent image on the image storage panel; 
separating the radiation image storage panel from the fluorescent sheets; 

irradiating the image storage panel with stimulating light in a visible or infrared region to excite the phosphor 
in the storage panel so that the energy stored in the storage panel in the fonn of a latent image is released in 
the form of a light; 

collecting the light released from the storage panel by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

20. The method of claim 19, in which each of the fluorescent sheet and radiation image storage panel is equipped 
with means containing information on the sheet or the storage panel, and the information is read out after the latent 
image is stored in the storage panel. 

21. A radiation image storage device comprising a radiation image storage panel and two fluorescent sheets, each of 
the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or 
visible region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by the 
phosphors of the fluorescent sheets to store therein energy of the absorbed light and releases the stored energy 
in the form of a light upon irradiation with a light of visible or infrared region. 

22. The device of claim 21 , in which the radiation image storage pane! has a thickness less than that of each of the 
fluorescent sheets. 

23. The device of claim 21, in which the radiation image storage panel has a thickness in the range of 0.2% to 20%, 
based on the total thickness of both of the fluorescent sheets. 

24. The device of claim 21 , in which at least a portion of the radiation image storage panel is colored with a dye which 
absorbs at least one of the stimulating rays, a light released from the radiation image storage layer, and a light 
released from each of the fluorescent sheets. 

25. The device of claim 21 , in which at least one the fluorescent sheet has on a surface thereof a protective layer and 
the radiation image storage panel has on a surface thereof a protective layer, the former protective layer showing 
a row of electrification corresponding to that of the latter protective layer. 

26. The device of claim 21, in which the phosphors in the fluorescent sheets and the radiation imago storage panel 
are all in the form of particles, the phosphor in the storage panel having a mean diameter equal to or less than 
that of at least one of the phosphors In the fluorescent sheets. 

27. The device of claim 21 , in which the radiation Image storage panel shows an absorption coefficient for the light 
released from the phosphors in the fluorescent sheets as much as twice or more those of the fluorescent sheets 
for the irradiated radiation. 
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28. The device of claim 21, in which at least one of the fluorescent sheets comprises acicular phosphor particles 
arranged vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas 
enclosed with the partitions. 

29. The device of claim 21, in which each of the two fluorescent sheets and the radiation image storage panel Is 
equipped with means containing Infonnatlon on the sheet or the storage panel. 

30. The device of claim 21, in which at least one of the phosphors contained in the fluorescent sheets has a density 
of 6.0 g/cm3 or more, or at least one of the fluorescent sheets has a density of 4.0 g/cm^ or more. 

31. The device of claim 21, in which the light released from the phosphor contained in the radiation image storage 
panel shows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of the light 
released from the phosphors contained in the fluorescent sheets at 70% or more. 

15 32. The device of claim 21 , In which each of the phosphors in the fluorescent sheets has an atomic element of the 
atomic number 37 or larger, provided that the atomic element contained in the phosphor of one fluorescent sheet 
differs from that contained in the phosphor of another fluorescent sheet. 

33. The device of claim 21, in which each of at least one fluorescent sheet and the radiation image storage^panel 
20 comprises phosphor particles and a binder, provided that each of a ratio of the binder to the phosphor in at least 

one fluorescent sheet and a ratio of the binder to the phosphor in the storage panel is 1 or more, and the former 
ratio is equal to or larger than the latter ratio. 

34. The device of claim 21 , in which the radiation image storage panel or one fluorescent sheet has a light-reflecting 
25 support or a composite of a support and a diffuse-reflecting layer. 

35. A radiation image storage device comprising two fluorescent sheets and a radiation image storage panel interven- 
ing between the fluorescent sheets, each of the fluorescent sheets containing a phosphor which absorbs a radiation 
energy and emits a light of ultraviolet or visible region, and the radiation image storage panel containing a phosphor 

30 Which absorbs the light emitted by the phosphors of the fluorescent sheets to store therein energy of the absorbed 

light and releases the stored energy in the fonn of a light upon irradiation with a light of visible or infrared region. 

36. A method for storing and reproducing a radiation image which comprises the steps of: 

35 placing a radiation image storage panel on a fluorescent sheet so as to give a composite structure, the fluo- 

rescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by the 
phosphor of the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy 
in the forni of a light upon irradiation with a light of visible or infrared region; 

40 applying onto the composite structure on one side a radiation having penetrated through an object, a radiation 

having been emitted by an object, or a radiation having been scattered or diffracted by an object, so as to 
store energy of the applied radiation in the form of a latent image on the image storage panel; 
separating the radiation image storage panel from the fluorescent sheet; 

irradiating the Image storage panel with stimulating light in a visible or infrared region to excite the phosphor 
45 In the storage panel so that the energy stored In the storage panel in the fomn of a latent image is released in 

the fomn of a light; 

collecting the light released from the storage panel by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

50 

37. The method of claim 36, in which each of the fluorescent sheet and radiation image storage panel is equipped 
with means containing information on the sheet or the storage panel and the information is road out after the latent 
image is stored in the storage panel. 

55 38. A radiation image storage device comprising a radiation image storage panel and a fluorescent sheet, the fluores- 
cent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, 
and the radiation image storage panel containing a phosphor which absorbs the light emitted by the phosphor of 
the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy in the form of a 
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fight upon irradiation with a light of visible or infrared region. 

39. The device of claim 38, in which the radiation image storage panel has a thickness less than that of the fluorescent 
sheet. 

5 

40. The device of claim 38, in which the radiation image storage panel has a thickness in the range of 0.2% to 20%, 
based on that of the fluorescent sheets. 

41. The device of claim 38, in which at least a portion of the radiation image storage panel is colored with a dye which 
10 absorbs at least one of the stimulating rays, a light released from the radiation Image storage layer and a light 

released from the fluorescent sheet. 

42. The device of claim 38, in which the fluorescent sheet has on a surface thereof a protective layer and the radiation 
image storage panel has on a surface thereof a protective layer, the former protective layer showing a row of 

15 electrification corresponding to that of the latter protective layer. 

43. The device of claim 38, In which the phosphors in the fluorescent sheet and the radiation image storage panel are 
all in the form of particles, the phosphor in the storage panel having a mean diameter equal to or less than that of 
the phosphor in the fluorescent sheet. ^ 

20 

44. The device of claim 38, in which the radiation image storage panel shows an absorption coefficient for the light 
released from the phosphor in the fluorescent sheet as much as twice or more that of the fluorescent sheet for the 
irradiated radiation. 

25 45. The device of claim 38, in which the fluorescent sheets comprises acicular phosphor particles arranged vertically 
or comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed with the 
partitions. 

46. The device of claim 38, in which each of the fluorescent sheet and the radiation image storage panel is equipped 
30 with means containing information on the sheet or the storage panel. 

47. The device of claim 38, in which the phosphor contained In the fluorescent sheet has a density of 6.0 g/cm^ or 
more, or the fluorescent sheet has a density of 4.0 g/cm^ or more. 

35 48. The device of claim 38, in which the light released from the phosphor contained in the radiation image storage 
panel shows a secondary stimulating spectrum overlapping with an emission spectmm of the light released from 
the phosphor contained in the fluorescent sheet at 70% or more, 

49. The device of claim 38, in which each of the fluorescent sheet and the radiation image storage panel comprises 
40 phosphor particles and a binder, provided that each of a ratio of the binder to the phosphor in the fluorescent sheet 

and a ratio of the binder to the phosphor in the storage panel is 1 or more, and the former ratio is equal to or larger 
than the latter ratio. 

50. The device of claim 38, in which the radiation image storage panel or the fluorescent sheet has a light-reflecting 
45 support or a composite of a support and a diffuse-reflecting layer. 

51. A radiation image storage device comprising a fluorescent sheets placed on a radiation image storage panel, the 
fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by the phos- 

so phors of the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy in the 

form of a light upon irradiation with a light of visible or infrared region. 

52. A method for storing and reproducing a radiation image which comprises the steps of: 

S5 providing a radiation image storage panel comprising a fluorescent layer and a radiation image storage layer, 

the fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet 
or visible region, and the radiation image storage layer containing a phosphor which absorbs the light emitted 
by the phosphor of the fluorescent layer to store therein energy of the absorbed light and releases the stored 
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energy In the form of a light upon Irradiation with a light of visible or infrared region; 

applying onto the storage panel a radiation having penetrated through an object, a radiation having been 

ennitted by an object, or a radiation having been scattered or diffracted by an object, so as to store energy of 

the applied radiation in the form of a latent image on the image storage layer of the storage panel; 

Irradiating the image storage panel on the side of image storage layer with stimulating light In a visible or 

infrared region to excite the phosphor in the storage layer so that the energy stored In the storage layer in the 

form of a latent image is released In the form of a light; 

collecting the light released from the storage layer by light-collecting means: 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

53. A radiation image storage device comprising a fluorescent layer and a radiation image storage layer, the fluorescent 
layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, and 
the radiation image storage layer containing a phosphor which absorbs the light emitted by the phosphor of the 
fluorescent layer to store therein energy of the absorbed light and releases the stored energy in the form of a light 
upon in^adlation with a light of visible or infrared region. 

54. The device of claim 53, in which the radiation image storage layer has a thickness In the range of 0.2% to 20%, 
based on thai of the fluorescent sheet. ^ 

55. The device of claim 53, in which at least a portion of the device Is colored with a dye which absorbs at least one 
of the stimulating rays, a light released from the radiation image storage layer, and a light released from the fluo- 
rescent layer. 

56. The device of claim 53, in which a selective reflecting layer allowing passage of the light released by the phosphor 
in the fluorescent layer, white reflecting the stimulating light and the light released by the image storage layer is 
provided between the fluorescent layer and the radiation image storage layer 

57. The device of claim 53, in which the phosphor in the radiation Image storage layer and fluorescent layer are all in 
the form of particles, the phosphor in the storage layer having a mean diameter equal to or less than that of the 
phosphor in the fluorescent layer. 

58. The device of claim 53, in which the radiation image storage layer shows an absorption coefficient for the light 
released from the phosphor in the fluorescent layer as much as twice or more that of the fluorescent layer for the 
irradiated radiation. 

59. The device of claim 53, in which the fluorescent layer comprises acicular phosphor particles arranged vertically or 
comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed with the parti- 
tions. 

60. The device of claim 53, in which the phosphor contained in the fluorescent layer has a density of 6.0 g/cm^ or 
more, or the fluorescent layer has a density of 4.0 g/cm^ or more. 

61. The device of claim 53, in which the light released from the phosphor contained in the radiation image storage 
layer shows a secondary stimulating spectrum overlapping with an emission spectrum of the light released from 
the phosphor contained in the fluorescent layer at 70% or more. 

62. The device of claim 53, in which each of the fluorescent layer and the radiation image storage layer comprises 
phosphor particles and a binder, provided that each of a ratio of the binder to the phosphor in the fluorescent layer 
and a ratio of the binder to the phosphor in the storage layer is 1 or more, and the former ratio is equal to or larger 
than the latter ratio. 

63. The device of claim 53, which has a light-reflecting support or a composite of a support and a diffuse-reflecting layer. 

64. A method for storing and reproducing a radiation image which comprises the steps of: 

providing a plurality of cassettes each of which has therein a fluorescent sheet on a front side thereof, fluo- 
rescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
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region and having a thickness differing from each other; 
selecting one of the cassettes; 

placing a radiation image storage panel in the selected cassette on a back side thereof, the radiation image 
storage panel containing a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer 
to store therein energy of the absorbed iightand releases the stored energy in the form of a light upon irradiation 
with a light of visible or infrared region; 

applying onto the front side of the cassette a radiation having penetrated through an object, a radiation having 
been emitted by an object, or a radiation having been scattered or diffracted by an object, so as to store energy 
of the applied radiation in the form of a latent Image on the image storage panel; 
taking the image storage panel out of the cassette; 

irradiating the image storage panel on the side with stimulating light In a visible or infrared region to excite the 
phosphor in the image storage panel so that the energy stored in the image storage panel in the form of a 
latent image is released in the form of a light; 

collecting the light released from the image storage panel by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent image from the electric signals. 

65. The method of claim 64, in which the fluorescent sheet or the cassette is equipped with means containing infor- 
mation on the sheet or the cassette, respectively, and radiation Image storage panel is equipped with means 
containing information on the panel, and the information is read out after the latent image is stored in the storage 
panel. 

66. A cassette comprising a casing and a cover plate and having therein a fluorescent sheet fixed on one side thereof 
for encasing therein a radiation imago storage panel, In which the image storage panel is kept in contact with the 
fluorescent sheet in the cassette when it is closed, and the image storage pane! only is taken out of the cassette 
when the cassette is open, the fluorescent sheet containing a phosphor which absorbs a radiation energy and 
emits a light of ultraviolet or visible region, and the radiation image storage panel containing a phosphor which 
absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the absorbed light and 
releases the stored energy in the form of a light upon Irradiation with a light of visible or infrared region. 

67. A cassette comprising a casing and an elastically bendable cover plate and having therein a fluorescent sheet 
fixed on the casing for encasing therein a radiation image storage panel, in which the image storage pane! is kept 
in contact with the fluorescent sheet in the cassette when it is closed, and the image storage panel only is taken 
out of the cassette by bending the cover plate, the fluorescent sheet containing a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage panel containing 
a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the 
absorbed light and releases the stored energy in the form of a light upon irradiation with a light of visible or infrared 
region. 

68. An apparatus for storing and reproducing a radiation image utilizing a fluorescent sheet containing a phosphor 
which absorbs a radiation energy and emits a light of ultraviolet or visible region, and a radiation image storage 
panel containing a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer to store 
therein energy of the absorbed light and releases the stored energy in the fomn of a light upon irradiation with a 
light of visible or infrared region, which comprises: 

a housing having on outer surface thereof a plate with which an object is kept in contact; 

the radiation image storage panel fixed within the housing in a position facing the plate; 

the fluorescent sheet which is provided in the housing in a position facing the fixed Image storage panel under 

such condition that the fluorescent sheet is able to move fonward and backward in relation to the image storage 

sheet; and 

a light-detecting means which is placed in the vicinity of the image storage panel and which is able to move 
into a space formed when the fluorescent sheet moves backward. 

69. The apparatus of claim 68, In which a light-emitting means for Irradiating the radiation image storage panel with a 
light for removing a radiation energy remaining in the image storage panel is provided in the vicinity of an end of 
the image storage panel in such manner that the light-emitting means emits a light toward a space fomied when 
the fluorescent sheet moves backward. 
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70. A process for producing a radiation image storage device comprising a radiation image storage layer and a fluo- 
rescent layer overlaid on the storage layer, the fluorescent layer containing a phosphor which absorbs a radiation 
energy and emits a light of ultraviolet or visible region, and a radiation Image storage layer containing a phosphor 
which absorbs the light emitted by the phosphors of the fluorescent layer to store therein energy of the absorbed 
light and releases the stored energy in the form of a light upon irradiation with a light of visible or infrared region, 
which comprises simultaneously casting a solution containing the phosphor of the fluorescent layer and a solution 
containing the phosphor of the image storage layer so as to prepare a pair of solution layers placed one on another, 
and drying the solution layers simultaneously. 
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